Purpose: This study assessed the roughness of two injection-molded, thermoplastic materials used for denture bases compared with a polyamide material and compression molded Polymethylmethacrylate (PMMA) after the adjustment and re-polishing with either a laboratory protocol or a chair side protocol. Methods: Forty specimens, each of PMMA, Valplast, DuraFlex, Dura Cetal were fabricated and finished according to individual manufactures' instructions. These materials were adjusted with tungsten carbide (TC) burs to mimic gross adjustments, and then re-polished either on a lathe or bonded silicon carbide (B-SC). Following instrumentation, the specimens were assessed using contact profilometry and scanning electron microscopy. Two-factor ANOVA was used to determine significant differences in mean surface roughness (R a and R max ), with included factors being material type and re-polishing regimen. Results: Mean R a values ranged from 0.26 (DuraFlex control) to 1.82 (Valplast adjusted with TC burs). Mean R max values ranged from 1.88 (Dura Flex control) to 13.76 (Valplast adjusted with TC burs). Two-factor ANOVA revealed that interaction of both factors was significant (p < 0.05) for R a and R max . There was a statistically significant increase in both R a (p < 0.05) and R max (p < 0.05) for all material types following the gross adjustment. With the exception of DuraFlex, re-polishing of samples that were previously adjusted with TC burs, on the dental lathe produced surfaces that were comparable to control samples. Conclusion: Adjustment of DuraFlex should be kept to a minimum since the adjustment produced the significant surface detriment that could not be corrected with either of the polishing regimens.
Introduction
Corrective adjustment of denture bases is normally necessary during the delivery procedure. This improves the patient comfort which may affect compliance with denture wear [1] . Following adjustment, rougher surfaces are the result and subsequent finishing and re-polishing of the denture are integral procedures in the delivery protocol to prevent subsequent adhesion of microorganisms [2] .
There is the evidence in the literature on the effect of roughened poly methyl methacrylate (PMMA) surfaces on the formation of dental biofilm and subsequent plaque stagnation with sequelae of denture stomatitis, gingival inflammation and the development of root decay on abutment teeth. Authors have demonstrated the adhesion of Candida species and Streptococcus oralis to roughed dental prosthesis fabricated with PMMA [3] [4] .
Generally, the process of polishing the adjusted compression molded PMMA denture surfaces, using successively finer grits of pumice and a rag wheel mounted on a lathe has been considered superior to chair side methods for the re-polishing [2] . O'Donnell et al., however, concluded that, where dental clinicians had no access to laboratory facilities, silicone points used in a chair side method, were suitable for smoothening PMMA surfaces [5] . Bollen et al. demonstrated the effect of grit sizes of the polishing armamentarium on the final surface roughness of PMMA [6] .
In comparison, the surface roughness of nylon containing polyamide dentures, a thermoplastic denture base, have been investigated both before and after standard lathe polishing and have been found to be significantly rougher than PMMA but fell within an acceptable limit using the in-vivo threshold level of 0.2 µm, of average roughness, at which dental plaque begins to accumulate [7] .
PMMA resin has been traditionally used for the fabrication of removable dentures due to its ability to evenly distribute masticatory forces to the residual ridges, however, the material demonstrates the poor impact strength and limited use in patients with sensitivity reactions to PMMA [1] .
Recently, two injection molded thermoplastic materials: DuraFlex (random copolymer of polypropylene) (Myerson Tooth Company, Chicago, Il, USA) and DuraCetal ((polyoxymethylene) (Myerson Tooth Company, Chicago, Il, USA), based solely on hydrocarbon chemistry, without embedded fibers, have been developed for the use as denture bases and tooth-colored clasps respectively with the aim of improving patient comfort and reducing patient cost. These materials have been purported by the manufacturer to have improved impact strength and have been suggested for use by patients who have sensitivity reactions to PMMA monomer. DuraCetal (polyoxymethylene), mainly used for retentive tooth colored clasps, can be incorporated into significant portions of denture bases.
A search of the literature resulted in no published evidence on the evaluation of surface roughness of DuraCetal and DuraFlex materials as a result of adjust-ment and re-polishing or the best armamentarium to be used in the adjustment of these materials. The aim of this study was to assess the roughness parameters of two newer injection-molded, thermoplastic denture base materials compared with those of a polyamide material and compression molded PMMA before and after adjustment and re-polishing with either a laboratory protocol or a chair side protocol, using contact profilometry and scanning electron microscopy. The null hypothesis stated that there would be no difference in the surface roughness of any of the materials finished with any of the re-polishing regimens.
Materials and Methods
A waiver of ethical approval was obtained for this study from The University of the West Indies Ethics Committee. A power analysis was completed and determined that 10 samples would be required for each experimental group. Four denture base materials were utilized in this study. A compression molded poly methylmethacrylate (PMMA)-Millennium® (Keystone Industries, Gibbstown, NJ, USA, 08027) and three injection-molded materials-Valplast® (Valplast International Corp., Long Beach, NY, 11561), DuraFlex® (Myerson Tooth Company Chicago, Il, USA 60640) and DuraCetal® (Myerson Tooth Company, Chicago, Il, USA 60640). Forty specimens (3 mm × 9 mm × 24 mm) each were fabricated, using highly polished stainless steel molds and finished according to individual manufactures' instructions. Valplast, DuraFlex and DuraCetal materials were adjusted with Top Star Brown Rubber Points (Edenta AG, Hauptstrasse 7, Switzerland) to remove flash and then buffed with a dry rag wheel on a lathe (Baldor, Fort Smith, AR, USA, 729-01) at 1725 rpm. The PMMA samples were polished with decreasing grits of pumice in a wet environment on a lathe following by Tripoli on a rag wheel to achieve a high-shine. All post-fabrication polishing was done by a single operator (AKB).
Forty specimens of each material were randomly assigned to four experimental groups of 10 each.
Group 1 served as the control group with no further adjustment or polishing. Group 2 specimens were adjusted with standard plain cut tungsten carbide burs (TC) for cutting acrylic (NTI Instruments, IM Camisch 3, 07768, Kahla, Germany) in a unidirectional manner for a total of 30 seconds, using an air driven slow speed straight nose handpiece at 30,000 rpm (Dentsply, York, PA, USA, 17405). One acrylic bur was used for every 10 specimens.
Group 3 specimens was adjusted as described for Group 2 and then re-polished using decreasing grits of silicon carbide impregnated in a synthetic rubber matrix (B-SC) (Maestro Acrylic Polishers, Coarse, Medium and Fine, Henry Schein Inc, Melville, NY, 11747) together with a copious amount of polishing lubricant (Myerson Fine Scratch remover, Myerson Tooth Company, Chicago, Il, USA 60640). Each rubber tip of varying grit was used for a total of 1 minute, for a total polishing time of 3 minutes.
Group 4 specimens were adjusted as described for Group 2 and then re-polished on a dental lathe (Baldor, Fort Smith, AR, 72901) using pumice flour and a rag wheel for 2 minutes at 1725 rpm. All samples were adjusted and re-polished by one operator (AKB) to reduce the effect on inter-operator variability in terms of the pressure applied during polishing.
Profilometry
Following re-polishing the samples were quantitatively assessed with surface profilometry using the Mahr Pocket Surf (Mahr Federal Inc., Provedence, RI, USA, 02905) with a cutoff of 0.8 mm, a transverse length of 5.0 mm and an evaluation length of 4.0 mm. The probe moved at a transverse speed of 5.08 mm/second with a force of 15 mN perpendicular to the direction of use of the acrylic bur. Eight parallel tracings, approximately 1.0 mm apart, were used to assess the surface of the acrylic. For each profile length surface parameters of both R a and R max were evaluated.
Means and standard deviations were calculated for each group. A two-factor ANOVA was used to determine significant differences in mean surface roughness (R a and R max ), with included factors being the material type and the re-polishing regimen. Post-hoc Bonferroni was used for pairwise comparison of the experimental groups. All statistical analysis was carried out with SPSS Version 21 (IBM Corporation, Armonk, NY, USA, 10022).
Scanning Electron Microscopy (SEM) Analysis
Two specimens from each group were randomly selected for qualitative assess- 
Results

Ra Measurements
The means and standard deviations for R a readings can be seen in Table 1 Valplast control samples were significantly rougher than all the other tested control materials, with TC adjustment causing significant detriment to the surface in terms of roughness (p < 0.001). These surfaces, however, were subse- 
Rmax Measurements
The means and standard deviations for R max can be seen in Table 2 R max values for TC adjusted DuraCetal were significantly reduced with either lathe (p < 0.001) or B-SC tip re-polishing (p < 0.001), with lathe polishing producing a statistically improved surface result (lathe versus B-SC tip, p < 0.001).
Lathe re-polished DuraCetal was as smooth as control samples (p = 1.00)
SEM Analysis
Qualitative assessment of control surfaces (Figures 1(a) 
Discussion
Contact profilometric tracing involves the movement of a stylus across the sur- the maximum displacement encountered and which is also known as Extreme
Value Descriptor [8] .
Various authors in the dental literature have advocated the use of more than one roughness parameter in determining surface characterization when more than one finishing/polishing instrument is used [9] [10]. The present study, however, demonstrated that the R a readings closely mirrored R max readings and no real benefit was noted from using two roughness parameters despite the use of TC burs followed by the re-polishing protocols. Generally, with the exception of DuraFlex, samples, lathe polishing using pumice and rag wheel produced superior results in terms of roughness measurements compared to B-SC polishing. This could be to the greater depth of action of the unbonded pumice particles in removing surface scratches left behind by the use of TC burs. The B-SC instrument, due to the fact that at least half of the abrasive particle is embedded in the synthetic rubber carrier, limits the penetration of the abrasive particle into the polymer substrate thereby not efficiently removing surface defects caused by gross adjustment with TC burs [11] .
Adjustment and re-polishing of the PMMA significantly improved surface quality, with lathe polishing producing better results. This finding concurs with that of Berger et al. who concluded that conventional lab polishing produced superior results regardless of the type of PMMA [2] .
The finding with respect to the control polyamide Valplast material concurs with that of Abuzar et al., who demonstrated rougher surfaces compared to PMMA [7] . In this present study there was a reduction by just over half the R a values of Valplast after polishing with pumice and rag-wheel on the lathe which is well over the in-vivo threshold value of 0.2 µm discussed in the literature, which facilitates microbial adhesion on acrylic materials [12] [13] . This is in contrast to Abuzar et al., where a 7 fold decrease in R a values as a result of using pumice on the lathe, was noted [7] . This could be explained by differences in methodology in terms of the adjustment and finishing materials used, and operator variability in terms of pressure applied during polishing.
Polyamide dentures, such as Valplast have a low melting point and adjusting and polishing in a dry environment with the B-SC tips could potentially cause overheating of the surface which may cause loosening and exposure of the nylon fibers, which translates into increased surface roughness. In contrast the pumice slurry was used in a typical wet environment which could have lessened the effect of surface heating and subsequent surface detriment. It is noteworthy that even though TC burs were used in the methodology; which are contra-indicated for adjusting polyamide dentures, subsequent lab polishing was able to reduce average roughness within the range of 0.7 -1. 
Conclusions
Within the limitations of this study, the following conclusions may be drawn:
1) All denture base materials when adjusted with TC burs showed an increase in R a and R max .
2) Valplast showed the greatest roughness values in terms of both R a and R max values before and after the adjustment and re-polishing.
3) Adjustment of DuraFlex materials should be kept to a minimum to maintain the surface quality achieved following injection molding since all re-polishing regimes produced the significant surface detriment.
4) With the exception of DuraFlex, material lathe polishing is superior to chair side polishing with B-SC.
